Although previous research has confirmed that nurse staffing affects patient outcomes, some potentially important factors have not been accounted for in tools to assess relationships between staffing and outcomes. The aim of this project was to develop and test a Nursing Intensity of Care Index using electronically available data from 152 072 patient discharges from three hospitals. Initially, 1765 procedure codes were reviewed; 69 were confirmed as directly increasing nursing workload by at least 15 minutes per shift. Two research staff independently reviewed a random sample of 5 patient days to assess interrater reliability with complete scoring agreement. To assess face validity, eight nurse clinician experts reviewed factors included in the Nursing Intensity of Care Index to assess the accuracy of the nursing time estimates in the tool. To examine concurrent validity, Nursing Intensity of Care Index scores for a random sample of 28 patients from four clinical units were compared with assessments made by a unit-based clinical nurse (low/ medium/high intensity) for the same patients on the same day with a Spearman correlation of 0.94. In preliminary testing, data for the Nursing Intensity of Care Index, which accurately reflect nursing care intensity, can be obtained electronically in real time. The next steps will be a discreteevent simulation model and large-scale field trials.
T he prevalence of electronic health record (EHR) systems is increasing rapidly; as of 2010, only 11.9% of US hospitals had an EHR, and 17% had computerized order entry for medications, 1 but by 2015, 96% of acute care hospitals had adopted a certified EHR. 2 Whether health records are electronic or paper based, however, nurses spend approximately half of their work time interacting with documentation, which is increasingly relied upon to plan and implement downstream data-driven improvements to patient safety and quality of care. While recent substantial gains have been made in EHR adoption, there is still limited evidence that using EHRs improves patient care and captures sufficient aspects of nursing practice to provide useful information for care planning.
There continue to be substantial barriers to the full application of health information technology, and there is much work to be conducted to demonstrate how EHR data can and should be used to improve the quality and efficiency of patient care systems. Despite these barriers, recent Centers for Medicare and Medicaid Services legislation regarding reimbursement and public reporting for adverse events such as healthcare-associated infections or falls, now mandated in many states, requires improved ability to track patient outcomes and risk factors over time and across settings. As noted by Brennan and Bakken, 3 electronically collected data now include information that has been previously unmanageable in speed and size but can now contribute to health services research in ways not previously possible.
One potential area of research using electronic data is the assessment of nursing workload and the intensity of care nurses must provide. Such assessment is invaluable because patient and nurse outcomes are significantly associated with care intensity. High workloads are associated with lower job satisfaction and burnout and higher turnover among nursing staff 4 and, what is more important, with compromised patient safety, reduced quality of care, and increased adverse patient outcomes and mortality. 5, 6 Hence, the aim of this project was to develop and test a Nursing Intensity of Care Index (NICI) using electronically available data to incorporate information previously difficult to obtain.
Nursing Care Demands and Distractions and Risk of Hospital-Acquired Infection
Several studies have identified a link between distractions and nursing care demands and increased rates of adverse patient events, many of which have focused on medication errors. 7, 8 In almost 3500 "near misses" reported by nursing students during a 3-year period, approximately one-fourth of near misses related to infection control practices. 9 Factors that contribute to distractions and care demands include the acuity of patient needs, unit staffing patterns, characteristics of the work environment, and technical demands such as numbers of invasive devices and procedures (eg, ventilators, central lines, urinary catheters, feeding tubes, surgery, patient isolation). Patient isolation, as one example, is exceedingly time and cost intensive. 10 Technical demands, procedures, and numbers and types of medical devices not only require timeconsuming nursing activities but also increase the risk of adverse outcomes. Similarly, patient movement, reflected by the number of admissions, transfers, and discharges on a unit, imposes a large demand on nursing time but is a factor often ignored when assessing the relationship between adverse outcomes and nurse staffing and care intensity.
While many patient classification and nurse staffing systems exist, they generally require additional data collection and time/resource expenditure and may not capture specific patient and/or unit level distractions or be strongly correlated with actual workload. 11 Although many studies assess nurse staffing needs by using only the number of patients receiving care as the denominator, the intensity of nursing care in actual practice is multidimensional, affected by not only the number of patients on the unit but also their acuity, turnover rates, and other technical demands. In fact, nurse staffing rates that are not adjusted for patient turnover and patient severity have been found to underestimate nursing workload and overestimate nurse staffing levels. 12 Prior workload measurement systems have not been available using realtime data as an algorithm; these systems have sometimes been unsuccessful because they were retrospective, and the nurse entering the data did not witness any benefit.
Sicker patients often require more nursing care, and researchers must adjust for patient acuity using well-established measures to accurately assess the relationship between nurse staffing and patient outcomes. Although there are validated tools for measuring the potential impact of patient acuity on nursing care requirements, 13, 14 severity of illness is only one of a number of factors that predict nursing care demands. 15 One potentially important factor that has not been considered in previous studies assessing the impact of nurse staffing on patient outcomes is the additional workload and stress associated with emergency planning, such as threatened or impending outbreaks or potential disasters. Some of these are local (eg, after the destruction of the World Trade Center in New York City or a terrorist threat during which time hospitals are on alert and staff are "on call"), and others may be regional or national (eg, the Ebola threat). In the face of such events, emergency preparedness activities for the entire hospital system include developing educational materials and algorithms, convening multiple meetings, coordinating response with the health department and the Centers for Disease Control and Prevention, training, and, what is most important, educating and supporting frontline staff. These preparedness activities are extremely costly 16, 17 and add considerably to frontline nursing responsibilities and workload because of educational requirements and increased patient acuity and/or volume. 18 Similarly, exposures to community-onset conditions such as tuberculosis, norovirus, pertussis, or scabies also add considerably to frontline staff responsibilities, time, and workload. [19] [20] [21] Hence, we sought to include such events on the unit or institution level in the assessment of nursing care intensity.
Problems associated with assessing nurse staffing have been identified that could result in oversimplification and misinterpretation of data, 22 suggesting the need to rethink the relationship between staffing and patient outcomes and identify patient and unit level factors (patient acuity, nursing care demands, distractions), as well as systems-level factors (staffing, time required to address emerging and epidemiologically important community infections), associated with care needs at a granular level so that appropriate targeted interventions can be developed and tested. Although some exploratory work has been conducted, to our knowledge, there are no tools currently available to accurately measure nursing care demands using electronic data, nor do current measures include some potentially modifiable factors to guide interventions. Hence, some important unit-institution level factors that may have a significant impact on nursing care needs have not been currently accounted for in patient classification and staffing tools.
METHODS

Sample and Setting
With federal funding (R01NR010822 and R01HS024915), a data set was extracted from various electronic databases from three hospitals, which are part of a large healthcare system in metropolitan New York City and housed in the system-wide Clinical Data Warehouse. This is the largest hospital system in the largest metropolitan region in the United States with more than 2000 beds and more than 100 000 patient admissions annually, including a community hospital, a freestanding children's hospital, and a tertiary/quaternary care hospital that provide care to a diverse patient population. The work to extract and link multiple data sources and construct variables of interest required less than 2 years and is described more fully in previous publications. 23, 24 Data from the years 2012 and 2013 from the three hospitals were used for the initial development and testing of this tool (Table 1 ). This project received expedited approval from the Columbia University Medical Center and Weill Cornell Institutional Review Boards.
Initial Development of the Nursing Intensity of Care Index
To determine the relevant factors that contribute to nursing care intensity, our research team, including nurse and physician clinicians and clinical researchers, met in a series of weekly meetings and developed an initial list of factors that contribute to the intensity of nursing care demands on a clinical unit. We first examined factors at the patient level, including indicators of disease severity, and specific procedural and technical demands for nursing care.
To identify procedural demands, nurses and clinical experts examined 51 pages of procedure codes available in our electronic database (N = 1765 procedures) to identify procedures that might result in increased nursing workload. From that list, we initially identified a total of 69 procedures, which were then reviewed by an additional 11 full-time expert adult and pediatric clinical nurses from various types of units who confirmed which procedure codes met the following criteria: (1) included some nursing responsibility and (2) directly increased nursing workload by at least 15 minutes per shift. This time increment was selected arbitrarily after discussion with clinical staff as being sufficiently long to contribute to workload.
Additional information regarding time required for various nursing interventions were obtained from de Cordova et al, 25 who used a Delphi consensus approach and focus groups to obtain nurse-reported average times to complete selected nursing interventions. Using these data sources, procedures were coded in 15-minute increments for each 12-hour shift according to nursing time required, with scores ranging from 1 to 3 (1, 15-30 minutes; 2, 31-60 minutes; 3, more than 61 minutes of required nursing time per shift). For example, insertion of an indwelling urinary catheter received a score of 1, isolation/barrier precautions scored 2, and extracorporeal membrane oxygenation and left ventricular assist device monitoring scored 3 points per shift. Since nursing responsibilities and patient populations vary by unit, many of these procedures are only relevant to certain practice settings and are therefore unit specific. Other patient-specific contributors to the NICI was a well-validated index of adult patient mortality, the Charlson Comorbidity Index. 26, 27 At a unit level, we included patient movement (admissions, transfers, discharges) and nurse staffing, both available from our EHR system. Finally, we incorporated institution level factors such as times of outbreaks and emergency response needs (eg, the Ebola preparations, measles outbreak) extracted using the institution's electronic Infection Prevention Surveillance system and the mandatory NY State Department of Health Nosocomial Outbreak Reporting Application. The total possible NICI score was designed to be calculated separately for each unit on a daily basis combining patient, unit, and systems level factors. (See Table 2 for a summary of the categories and factors used to develop the NICI.) Table 3 describes the electronic data sources used to create the NICI.
Confirmation of Electronic Data Availability
Next, we confirmed that data for these categories and factors were available in the existing electronic database for each individual patient on a daily basis by retrieving 1 month of daily data from four randomly selected units, including an exact patient count, turnover rates (eg, admissions, transfers, discharges), numbers of mechanically ventilated patients, patients with indwelling devices (central lines, urinary catheters), patients requiring dialysis or feeding tubes, and number of surgical procedures. In addition, two of our research staff independently reviewed a random sample of 5 patient days across several units and hospitals to assess interrater reliability of recordings of patient severity and technical demands and procedures from our database versus from chart review. There was complete agreement on their ratings, confirming that the data could be accurately retrieved electronically. Finally, we conducted a preliminary assessment of the frequency with which these technical demands and procedures occurred to confirm that there was variation across units and across time.
Subsequent Psychometric Testing of the Nursing Intensity of Care Index
To assess face validity, eight nurse clinician experts from these units reviewed the list of factors included in NICI to assess the accuracy of the nursing time estimates in the tool (Table 4) . To examine concurrent validity, we independently calculated the scores for the Technical Demands and Procedures and Medication Administration sections of the NICI instrument (see Table 3 ) for a random sample of 28 patients from five clinical units (adult general medical-surgical unit, medical intensive care unit, and rehabilitation; pediatric intensive care and cardiology) and calculated the correlation between these scores with assessments made by a unit-based clinical nurse of the intensity of care needs (low/medium/high, scored as 1, 2, and 3, respectively) for the same patients on the same day.
RESULTS
The clinical nurse experts who examined the factors included in the NICI, as well as the incremental time calculations and scoring, completely concurred with the factors included and the nursing time allotted. They identified six additional factors not previously included in the tool that had an impact on nursing care intensity, and these factors were added to the tool. In terms of concurrent validity, the Spearman ρ correlation coefficient between the NICI score and the clinical nurse scores for 28 patients was 0.94 (P < .001). We also confirmed that there was variation across units and across time. For example, during a period of 1 month in one medical intensive care unit, there were 239 of 358 patient days (66.7%) of isolation as compared with 188 of 1087 isolation days (17.3%) on one general medical unit.
DISCUSSION
Extensive surveys to assess the relationship between staffing and patient outcomes have been conducted in numerous Admissions, discharges, and transfers
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Intensive care
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Infection prevention and control records
Nursing hours
Nurse payroll data
Nursing skill mix
Nurse payroll data Abbreviations: BMI, body mass index; EMR, electronic medical record; GI, gastrointestinal. a ICD-10 differentiates between intermittent hemodialysis (5A1D00Z) and continuous renal replacement therapy (5A1D60Z). countries in the Americas, Europe, and Asia and have consistently reported that lower nurse workloads and higher percentages of baccalaureate-prepared nurses are associated with lower mortality and readmission rates. 5, 6 A 2008 systematic literature review of the relationship between staffing and infections concluded that, while methods and definitions varied, there was a consistent link between nurse staffing and healthcare-associated infections, with significantly increased rates associated with temporary nursing staff in four studies. 28 In a study of 2675 infants admitted to neonatal intensive care units, we found that a greater number of care hours provided by registered nurses was associated with a significant reduction in bloodstream infections (odds ratio, 0.21; 95% confidence interval, 0.06-0.79). 29 A scoping review of 45 studies regarding the relationship between nurse staffing and risk of infection was published in 2015, but because of a number of methodological problems such as the use of imprecise administrative databases, how variables were measured, and time frames used to link staffing and infections, we found mixed results. 22 While many studies assess nurse staffing needs by using only the number of patients receiving care as the denominator, the intensity of nursing care in actual practice is multidimensional, affected by not only the number of patients on the unit but also their acuity, turnover rates, and other technical demands. In fact, nurse staffing rates that are not adjusted for patient turnover and patient severity have been found to underestimate nursing workload and overestimate nurse staffing levels. 12 To further assess concurrent validity, we attempted to find other intensity of care tools with which we could correlate the NICI. In a literature review, we found a few tools that had been developed with the goal of quantifying nursing care intensity. The Therapeutic Intervention Scoring System developed in the 1970s classified nursing care intensity of patients in intensive care and has been subsequently adapted and simplified. This tool, however, may not be a reliable measure of nursing care needs at the individual patient level. 30, 31 Several other scoring systems have been developed and tested but are often limited to intensive care. 32, 33 A Finnish system for workforce planning seems to be rigorously tested but unfortunately is not available outside Finland without a special license agreement and deployment project. 34 Other methods to measure nursing workload are available, 25, 35 but none have used only electronically available data at the patient, as well as the unit and/or systems, level, nor do they make it possible to calculate scores with electronically available data in real time.
This project took advantage of natural variability in acute care practices and setting, that is, variability in nurse staffing and other organizational and systems factors, in a database which included more than 200 000 patient discharges from three hospitals. The parent database has been used to compare the benefits and harms of different interventions and strategies to prevent, diagnose, treat, and monitor infections in "real-world" settings. Its purpose is to improve health outcomes and systems of care by developing and disseminating evidence-based information about the everyday effectiveness of interventions. [36] [37] [38] This is in contrast to designs such as randomized controlled trials in which the question is often whether the treatment is efficacious under highly controlled conditions. It is generally not feasible or ethical, however, to randomize patients to different interventions to reduce adverse events such as infection (eg, randomize patients to barrier precautions or not, or to receive care from staff with limited hand hygiene regimens). Because health services research is designed to examine actual conditions within systems of care, it often has greater external validity, as well as being cost-effective, and therefore holds great promise to advance the field of infection prevention and control.
Limitations and Further Considerations
Previous nursing workload formulas have been built on such theoretical underpinnings as nursing diagnosis, nursing intervention classifications, or time and motion studies. 13, 25, [39] [40] [41] In developing our current index, however, we took a pragmatic approach with the goal of using data already available in the EHR to provide real-time estimates of nursing care intensity without adding to the nurse's workload by requiring additional data collection or documentation. Nurse clinician experts reviewed the index to confirm the nursing time estimates and identify additional factors for inclusion.
Content validity
Does NICI represent all facets of nursing care intensity?
Review of >1700 procedures and agreement among nurse clinician experts on those that impact nurse care intensity.
Concurrent validity
Are scores on NICI related to actual concurrent nursing assessments of the same patients?
Compare NICI score with rating of clinical nurse experts for 22 patients (Spearman correlation coefficient, 0.94)
There are clearly limitations to EHRs from the nursing perspective. While systems are designed to facilitate and speed documentation, fields are often limited to procedures or other biological parameters such as vital signs and "intake and output." Many aspects of care provided by nurses such as patient and family education, discharge planning, and palliative care may be poorly captured and fail to reflect the time and resources required. In that regard, EHRs do not present a "holistic" picture of nursing care requirements and may actually be detrimental if nurses assume that they should be spending their time primarily on what is required to be documented in preset data fields. Even when fields are available for recording such practices as palliative care or discharge planning, they may simply be recorded as a yes/no check box that provides no information about time requirements and little direction regarding patient needs. Hence, although a care intensity tool such as NICI is one step toward more accurately explicating nursing intensity, many important aspects of care are still missing from EHRs.
As with any electronic database, this research is limited by the retrospective nature of the data available and by the accuracy of what is recorded, hence the importance of carefully validated data sources. Another problem is that using data from such large and complex data sets requires sophisticated programming capabilities. While there are programmers working full-time in large healthcare systems, many smaller hospitals do not yet have the programming capability to complete the necessary data extraction and management.
Finally, while this testing included a large sample size, data were from only three hospitals in a single urban area, and generalizability and representativeness may be of concern. Data collection was also limited to 2 years. Although the time tested (2012-2013) was several years ago, it does not seem likely that the parameters included in the NICI have changed considerably. Despite this, items in any intensity tool would have to be reevaluated on a regular basis because care practices evolve over time.
CONCLUSIONS
This project is an example of identifying ways to efficiently conduct research using administrative and other electronically available data already being collected for other purposes (ie, no "extra" data collection for the purpose of research). We describe the development and initial psychometric testing of the NICI designed to provide real-time data on nursing care needs and to incorporate individual patient level data across a variety of acute care settings. The tool is now ready for further unit-specific and large-scale testing and is available to others upon request, although it will likely require modification based on the care needs and practices at individual institutions. The next steps will be to develop a discrete-event simulation model and conduct large-scale field trials to assess its accuracy and use in this era when large volumes of electronically available data are being collected for billing and other clinical purposes. These data can and should be efficiently used for multiple purposes. Finally, it is clear that EHRs are not currently capturing many important and time-consuming aspects of patient care, which require considerable nursing time.
The application of information technology is rapidly expanding, and EHRs are now the standard in most acute care settings, but greater attention to accurate documentation of patient needs other than physical care and biological maintenance is imperative. Nurses need to be actively involved in the development of EHRs, rather than being "taught" by them what is important to document.
